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Abstract
Objective-To investigate the influence of
the absence of the pericardium on the left
ventricular wall, particularly on interven-
tricular septal motion, usingM mode and
cross sectional short axis echocardiogra-
phy in patients with congenital total
absence ofthe left pericardium.
Methods-21 patients with congenital
total absence of the left pericardium were
divided into three groups according to the
interventricular septal motion: systolic
type (n = 6) with paradoxical motion
during systole, diastolic type (n = 11)
with abnormal posterior motion during
mid to late diastole, and mixed type (n =
4) with paradoxical motion during systole
and abnormal posterior motion during
diastole.
Results-On cross sectional short axis
echocardiograms of the left ventricle, in
the diastolic type the degree of angular
displacement of the papillary muscles
during end diastole to end systole showed
excessive anticlockwise rotation about the
long axis of the left ventricle without
marked anteroposterior displacement. In
the systolic type, there was shift of the left
ventricle towards the anteromedial por-
tion in systole and towards the posterolat-
eral portion in diastole without significant
rotation. There was a significantly posi-
tive correlation between the degree of
angular displacement and the amplitude
of diastolic interventricular septal motion
during mid to late diastole in all patients.
Conclusions-There was abnormal inter-
ventricular septal motion during systole
and diastole in patients with total absence
ofthe left pericardium. Abnormal systolic
motion was induced by anteroposterior
displacement of the left ventricle, and
abnormal diastolic motion by left ventric-
ular rotation about the long axis of the
heart during the cardiac cycle. Analysis
using cross sectional echocardiography
was useful for elucidating the mecha-
nisms of abnormal interventricular septal
motion.
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M mode and cross sectional echocardiography
have conventionally been used for evaluation
of left ventricular wall motion, and these
methods have provided important information
for detection of regional asynergy of the left
ventricular wall in various heart diseases, par-
ticularly in myocardial infarction.'

Congenital total absence of the left peri-
cardium is a relatively uncommon cardiac
malformation.2-" Diagnosis of this abnormal-
ity is facilitated by the associated abnormal
interventricular septal motion, and the
increased use of routine echocardiography.69 11
The purposes of this study were to investigate
alterations of left ventricular position in con-
genital total absence of the left pericardium
and to elucidate the mechanisms of abnormal
interventricular septal motion during systole
and diastole in this anomaly using M mode
and cross sectional echocardiography.

Methods
STUDY POPULATION
We examined 21 patients (14 men and seven
women; mean age 47 (SD 22) years) with con-
genital total absence of the left pericardium.
Diagnosis of the pericardial defect was made
by artificial pneumothorax2 I in 10 patients,
and the diagnosis of the condition in the
remaining 11 patients was based on the follow-
ing findings: (1) marked displacement to the
left of the heart on a left lateral decubitus chest
radiograph24; (2) M shaped pattern on jugular
phlebogram8; (3) abnormal interventricular
septal motion onM mode echocardiogram6 9 11;
and (4) posterolateral displacement of the left
ventricle and separation between the aorta and
the pulmonary trunk on computed tomography
(CT) scans.7 All 21 patients underwent routine
echocardiography and other clinical examina-
tions, and no other significant complications or
cardiovascular abnonnalities were observed.
Twenty age matched normal volunteers (11
men and nine women; mean age 45 (26) years)
served as the control group. The risks, benefits,
and alterations in the examinations were
explained to all subjects, and inforned consent
was obtained.

STUDY DESIGN
Because some reports have shown that inter-
ventricular septal motion in this disease may
be altered in the lying position,9 '° all echocar-
diographic studies were recorded with the
patient in a left lateral decubitus position.
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Figure 1 Three types of interventricular septal (IVS) motion in total absence of the left
pericardium. Top: Systolic type with paradoxical motion during systole (S) and normal
anterior motion during mid to late diastole (D). Middle: Diastolic type with normal posterior
motion during systole (S) and abnormal posterior motion during mid to late diastole (D).
Bottom: Mixed type with paradoxical motion during systole (S) and abnormal posterior
motion during mid to late diastole (D). PW, left ventnicular posterior wall.

M MODE ECHOCARDIOGRAPHY
Left ventricular echocardiograms at the level of
chordae tendineae were recorded from a
parasternal approach. Interventricular septal
motion was observed during systole and dias-
tole, and the patterns were divided into the fol-
lowing three types (fig 1): (1) Systolic type:
abnormal anterior or paradoxical motion similar
to that in the left ventricular posterior wall was
observed during systole, but no displacement
or normal anterior motion was seen during
mid to late diastole; (2) Diastolic type: normal
posterior motion was seen during all of systole
or early to mid systole, but abnormal posterior
motion was seen during mid to late diastole;
and (3) Mixed type: both abnormal anterior
and posterior motion was observed during sys-
tole and mid to late diastole, respectively. A
change in interventricular septal motion during
mid to late diastole was determined by the

amplitude of anterior or posterior motion from
the period immediately after the rapid filling
phase to end diastole, that is, during the left
ventricular slow filling phase (fig 2, left).

CROSS SECTIONAL ECHOCARDIOGRAPHY
Cross sectional short axis images of the left
ventricle were recorded at the level of the pap-
illary muscles. A line was defined that con-
nected the centres of the anterolateral and
posteromedial papillary muscles on the
echocardiogram. Angular displacement of that
line was measured between end diastole and
end systole (fig 2, right). Since angular dis-
placement is considered to reflect left ventricu-
lar rotation about the long axis of the heart,'2 it
was used as an indicator of the degree of clock-
wise or anticlockwise rotation from the per-
spective of the cardiac apex in this study. All
cross sectional short axis echocardiograms of
the left ventricle in this study were displayed
from a perspective overlooking the heart.
Therefore the direction of angular displace-
ment on the images was the opposite of that
seen from the perspective of the cardiac apex.
Cross sectional short axis images of the left
ventricle at end diastole and end systole were
overlapped using both (1) a reference point on
the chest wall and two reference lines of either
side on the fan shaped image, and (2) displace-
ment of the interventricular septum and poste-
rior wall; changes in left ventricular shape
during the cardiac cycle were then investi-
gated.

Interobserver variability of measurements of
M mode and cross sectional echocardiographic
indices was calculated as the difference in two
measurements of the same patient by two dif-
ferent observers divided by the mean value. It
was 2-0% for the M mode echocardiographic
index, and 2-3% for the cross sectional
echocardiographic index. Intraobserver vari-
ability was also calculated as the difference in
two measurements of the same patient by one
observer divided by the mean value. It was
1 8% for M mode echocardiographic index,
and 2-0% for cross sectional echocardiographic
index.

INSTRUMENTS
A Toshiba SSH-1 60A (Toshiba Corporation,
Tokyo, Japan; 2-5 MHz probe) was used for M
mode and cross sectional echocardiographic
imaging.

STATISTICAL ANALYSIS
Values are expressed as mean (SD). Mean val-
ues were compared between groups by analysis
of variance (ANOvA) and the Scheffe box test.
A linear regression coefficient was obtained to
show the degree of correlation between vari-
ables. Differences at P < 0 05 were considered
statistically significant.

Results
M mode and cross sectional echocardiographic
variables in 21 patients with pericardial defects
and 20 normal controls are summarized in the
table.
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Figure 2 Schematic illustrations ofM mode (left) and cross sectional (right) echocardiographic measurements usedfor
this study. Left: Left ventricular echocardiogram at the level of chordae tendineae. Right: Cross sectional short axis
echocardiogram of the left ventricle at the level ofpapillary muscles. A line was drawn connecting the centres of the
anterolateral and posteromedial papillary muscles on the echocardiogram. An imagefrom end diastole and onefrom end
systole were superimposed using a reference pointfrom the chest wall, and the angle (#) between the lines was measured.
IVS, interventricular septum; PW, left ventricular posterior wall; ECG, electrocardiogram; (-) and (+), anterior and
posterior IVS motions during the left ventricular slow filling phase, respectively; ADP, amplitude ofposterior IVS motion
during the left ventricular slow filling phase; RV, right ventricle; LV, left ventricle; APM and PPM, anterolateral and
posteromedial papillary muscles, respectively; CWand CCW, clockwise and anticlockwise left ventricular rotations about
the long axisfrom the view of the cardiac apex, respectively; D and S, lines between the centres of the anterolateral and
posteromedial papillary muscle echoes at end diastole and end systole, respectively; #, degree of the angular displacement of
papillary muscles during end diastole to end systole.

Age, M mode, and cross sectional echocardiographic variables in 21 patients with
pericardial defect and in 20 normal subjects. Values are mean (SD)

Age IVS amplitude Angular displacement
n (years) (mm) (degrees)

Pericardial defect 21 47 (22) 2-3 (1-8)* 10 2 (7 9)*
Systolic type 6 44 (30) -0-1 (0 3) 0 (2 3)
Diastolictype 11 50(12) 3-5 (1 1)*t 155 (40)*t
Mixedtype 4 47 (29) 2-9 (0-9)*t 11-0 (6 4)*t

Normal control 20 45 (26) -0 5 (0-4) 0-8 (2 2)

*P < 0-0001 v normal control; tP < 0 005, *P < 0-0001 v systolic type.
IVS amplitude, amplitude of anterior or posterior interventricular septal motion during the left
ventricular slow filling phase; angular displacement, the degree of angular displacement of
papillary muscles during end diastole to end systole.

Figure 3 Cross sectional
short axis echocardiograms
of the left ventricle in two
patients with systolic type
(top) and diastolic type
(bottom) ofpericardial
defects. Top: Left ventricle
is displaced excessively
towards the anteromedial
portion at end systole
(middle) and towards the
posterolateral portion at
end diastole (left),
although there is a
minimal degree of
clockwise left ventricular
rotation (30) during the
cardiac cycle. Bottom: Left _ |
ventricle indicates an
exaggerated degree of
anticlockwise left
ventricular rotation (16°),
although there is no

excessive anteroposterior
displacement during the
cardiac cycle. IVS,
interventricular septum;

PW, left ventricular
posterior wall;APM and
PPM, anterolateral and

-posteromedial papillary

muscles, respectively; R
and L, right and left sides,
respectively.

INTERVENTRICULAR SEPTAL MOTION
The systolic type of abnormal interventricular
septal motion was observed in six of 21
patients, the diastolic type in 11, and the
mixed type in four. The amplitude of the
interventricular septal motion during mid to
late diastole in the diastolic type was signifi-
cantly greater than in the systolic type
(P < 0.0001) and in normal subjects (P <
0000 1).
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cavity through the defect. In recent years, the
n = 41 diagnosis of this anomaly has been facilitated
r= 0.912X04by the widespread use of echocardiogra-r =0.91

69p < 0.0001 phy.69 That is, total absence of the left peri-
cardium is characterised by abnormal systolic
interventricular septal motion, although partial-@/**absence of the pericardium may not be associ-
ated with abnormal interventricular septal
motion.5

Other cardiac diseases, particularly atrial
septal defect, may show abnormal systolic
interventricular septal motion, and must be
differentiated from total absence of the left

........................................
pericardium." 14 Payvandi and Kerber6 haveo17 3" reported that abnormal systolic interventricu--°<88° * Pericardial defect (n = 21) lar septal motion in total absence of the left0Y.° o Normal control (n = 20) pericardium is characterised by marked dis-

,i I I placement of the whole heart including the left
-5 0 5 10 15 20 25 ventricle towards the posterolateral portion
CW -| CCW during diastole, and towards the anteromedial

portion during systole. Beppu et a19 have
Angular displacement (degree) shown that abnormal interventricular septal

)rrelation between the amplitude of interventricular septal (IVS) motion motion changes when patients are in the lying
ventricular slowfilling phase and the degree of angular displacement of position and that the most characteristicc1es during end diastole to end systole in 21 patients with pericardial defect motion is induced in the left lateral decubitus
rmal subjects. A and P, anterior and posterior IVS motions during the left position.
)wfiUing phase, respectively; CWand CCW, clockwise and anticlockwise left The absence or presence of cardiac rotationtations about the long axis from the view of the cardiac apex, respectively. about its long axis during the cardiac cycle has

been investigated using dimensional and vari-
CROSS SECTIONAL SHORT AXIS able resistance gauges in dogs,'5 16 cineangio-
ECHOCARDIOGRAPHY graphy with endocardial and epicardial
The left ventricle maintained a circular shape markers,'718 and magnetic resonance (MR)
throughout the cardiac cycle in all 21 patients, imaging.'920 In normal subjects, there is only
similar to that in normal subjects. Short axis slight anticlockwise rotation (3-7°) about the
images of the left ventricle revealed normal long axis of the heart. These results suggest
concentric contraction during systole in all 20 that the pericardium immobilises the heart
normal subjects. However, six patients with and thereby controls excessive rotation about
systolic type of interventricular septal motion its long axis. Consequently, pendular motion
and four patients with the mixed type showed of the heart-which mainly includes antero-
marked anteroposterior motion, in which the posterior motion-provides a motivating force
left ventricle was excessively displaced towards for efficient ejection of blood from the leftven-
the anteromedial portion during systole and tricle.
towards the posterolateral portion during dias- With regard to left ventricular rotation in
tole (fig 3, top). The 1 1 patients with the dias- atrial septal defect, Ohta et al12 have observed
tolic type also showed marked anteroposterior anticlockwise rotation of the left ventricle dur-
motion of the posterior wall during the cardiac ing systole when viewed from the cardiac apex
cycle, whereas there was no significant dis- on left ventriculography. This was thought to
placement of the interventricular septum (fig be due to posterosuperior compression of the
3, bottom). left ventricle by the markedly enlarged right
There was exaggerated anticlockwise rota- ventricle. As a result, the interventricular sep-

tion in angular displacement of the papillary tum become convex towards the left ventricle
muscles in the diastolic and mixed types com- during diastole,'4 resulting in distortion in left
pared with those in the systolic type and in ventricular shape which is never seen in
normal subjects (P < 0 005 and P < 0-0001). patients with total absence of the left peri-
There was a significantly positive correlation cardium. Mirro et al12 have recorded cross sec-
(r = 0-91, P < 0-0001) between the degree of tional short axis echocardiograms of the left
angular displacement of the papillary muscles ventricle at the level of the papillary muscles,
and the amplitude of interventricular septal and reported that angular displacement during
motion during mid to late diastole in all end diastole to end systole in patients with
patients and normal subjects (fig 4). atrial septal defect showed more exaggerated

anticlockwise rotation than that in normal
subjects. They emphasised that the degree of

Discussion angular displacement of the papillary muscles
Congenital total absence of the left peri- reflected left ventricular rotation about the
cardium is a relatively uncommon cardiac long axis of the heart.
malformation.2-" In the past, this anomaly was In this study, patterns of abnormal interven-
diagnosed by injecting air into the left pleural tricular septal motion were divided into sys-
space (artificial left pneumothorax).2 When tolic, diastolic, and mixed types, and the
the pericardial defect is present on the left side mechanisms of these abnormal motions were
of the heart, this air can enter the pericardial investigated. The systolic type, in which
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abnormal anterior interventricular septal
motion-that is, paradoxical motion-was
observed only during systole, is consistent with
the findings reported by Payvandi and
Kerber6: (1) cross sectional short axis images
of the left ventricle showed displacement of
the interventricular septum and posterior wall
towards the anteromedial portion during sys-
tole and towards the posterolateral portion
during diastole, without change in left ventric-
ular shape, and resulted in excessive antero-
posterior motion of the left ventricle during
the cardiac cycle; and (2) the degree of angular
displacement of the papillary muscles showed
no significant change during the cardiac cycle.
There was no exaggerated rotation about the
long axis of the left ventricle in the systolic
type, and abnormal motion of the left ventricle
due to absence of the left pericardium was
derived mainly from anteroposterior motion of
the heart. Therefore, left ventricular motion in
the systolic type was similar to pendular
motion in patients with massive pericardial
effusion.22 Since pendular motion mainly
includes anteroposterior motion of the left
ventricle without rotation about its long axis
during systole, left ventricular contraction may
induce inefficient blood ejection from the left
ventricle in the systolic type.
On the other hand, the following character-

istic findings were observed in the diastolic
type, in which the interventricular septum
shows abnormal posterior motion during dias-
tole. (1) Cross sectional short axis images of
the left ventricle showed that the left ventricle
maintained its circular shape-similar to the
systolic type-during the cardiac cycle, but
that the interventricular septum had no signifi-
cant shift despite marked displacement of the
posterior wall. (2) The degree of angular dis-
placement of the papillary muscles showed
exaggerated anticlockwise rotation during
diastole to systole, and it was significantly pos-
itively correlated with the amplitude of the
diastolic interventricular septal motion on M
mode echocardiography.
From these findings, exaggerated anticlock-

wise rotation about the long axis of the left
ventricle during diastole to systole and abnor-
mal posterior interventricular septal motion
(clockwise rotation) during mid to late diastole
were considered the main motion abnormali-
ties in the diastolic type, despite the absence of
excessive anteroposterior motion of the left
ventricle. The interventricular septum in the
diastolic type showed no significant motion
towards the anteromedial portion during sys-
tole, but there was marked motion of the pos-
terior wall towards the anteromedial portion.
Since exaggerated anticlockwise rotation takes
part in left ventricular contraction, blood may
be ejected from the left ventricle with relatively
high efficiency.
When considering the mixed type, however,

the left ventricle is predicted to show various
dynamic abnormalities because of the anatom-
ical relation between the extent of the pericar-
dial defect and the position of the heart in the
absence of the left pericardium. Therefore, it

is impossible to explain the abnormal interven-
tricular septal motion in this anomaly using
only the concept proposed by Payvandi and
Kerber.6

CONCLUSIONS
Interventricular septal motion during diastole
and systole in congenital total absence of the
left pericardium was regulated by left ventricu-
lar rotation about the long axis of the heart
and left ventricular anteroposterior motion,
respectively. Analysis by cross sectional
echocardiography was useful for evaluating the
mechanisms of abnormal interventricular sep-
tal motion in this anomaly.
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